INTRODUCTION {#sec1-1}
============

Alcohol dependence is a substance related disorder in which an individual is addicted to alcohol either physically or mentally.\[[@ref1]\] The exact mechanism that describes dependency and withdrawal symptoms of alcohol is not clear.\[[@ref2]\] A variety of techniques exist for managing alcohol withdrawal, some that involve the pharmacotherapy with sedatives and some that do not. Drugs with a sedative effect such as diazepam, chlordiazepoxide, topiramate, and nalteroxone are used for pharmacotherapy of alcohol withdrawal syndrome. These alternative medications act for reduction of withdrawal syndrome severity.\[[@ref3][@ref4][@ref5][@ref6]\] Alcohol withdrawal is characterized by a stressful condition and increased activity adrenal gland and cortisol level.\[[@ref7][@ref8]\] Previous studies demonstrated that alcohol dependency will increase the expression of corticotropin releasing factor (CRF) mRNA leading to activation of the adrenal gland that cause increasing cortisol level as a stress hormone.\[[@ref7]\] Previous data demonstrate that CRF receptors play an important role in the management of ethanol self-administration and attenuation of withdrawal syndrome in dependent rats. These data showed that CRF antagonists and attenuation of cortisol level can be useful as new pharmacotherapeutic targets for the treatment of alcoholism in humans.\[[@ref9]\] Also, these study indicate that there was an increase in the basal serum cortisol level in the alcoholic subjects compared to the controls.\[[@ref10][@ref11]\] This study approved that serum cortisol level can be used as a marker of alcohol withdrawal syndrome severity.\[[@ref11]\] On the other way, pain transmission and alcohol\'s reinforcing effects share overlapping neural substrates giving rise to the possibility that alcohol use states significantly affect pain patterns and promote the development of dependence and addiction.\[[@ref12]\] Previous study demonstrates that long-term alcohol intoxication and alcohol dependence induce pain symptoms and may exacerbate chronic pain arising from other sources. Neuroanatomical regions involved in pain transmission have been shown to play an important role in the development of alcohol dependence and addiction.\[[@ref12][@ref13]\] The likelihood that alcohol dependency and pain transmission share overlapping neural substrates suggests that alcohol reinforcement would alter the pharmacology and neurochemistry of pain.\[[@ref13]\] Exercise plays an important role in the prevention and treatment of addictive disorders. Exercise may benefit drug dependent patients attempting recovery from substance problems through a number of different mechanisms of action.\[[@ref14]\] Recent study has also shown that exercise alleviate mood disturbance and morphine and nicotine withdrawal symptoms.\[[@ref15][@ref16]\] It has also been shown that exercise can counteract withdrawal symptoms, and physical exercise can reduce the risk of some type of drug addiction.\[[@ref17]\] Studies in recent years have found exercise has been consistently associated with reductions in depressive symptoms, and thus exercise may reduce the risk for relapse of addictive disorder by reducing depressive symptom.\[[@ref17]\] Recent studies have demonstrated the acute effects of exercise on decreased craving to nicotine and morphine consumption and their withdrawal syndrome.\[[@ref15]\] In the present study, the effects of forced exercise on alcohol dependency, stress level of the withdrawal period, by measurement of cortisol, and alteration of pain perception in alcohol dependent animals was investigated.

METHODS {#sec1-2}
=======

Seventy adult male Wistar rats (180-210 g) were purchased from Iran Razi Institute (Tehran, Iran). All the rats were maintained at standard condition (22°C ± 2°C and 12/12 h dark and light cycle), having free access to food and water. The protocol was approved as an undergraduate research and was projected by the Research Council of the Tehran University of medical science.

Drugs {#sec2-1}
-----

Alcohol, Diazepam, and indomethacin were purchased from Sigma-Aldrich Inc (St Louis MO, USA).

### Experimental design for alcohol withdrawal syndrome {#sec3-1}

40 animals were divided randomly into 5 groups:

Group I, as a negative control (independent) received normal saline (0.2 ml/rat. ip, once daily) for 21 daysGroup II, as a positive control (dependent) received alcohol (2 g/kg/day. By gavage, once daily) for 21 daysGroup III, IV, and V as treatment groups, respectively, received alcohol (2 g/kg/day) for first 7 days and after that were treated by diazepam (0.4 mg/kg, ip, once daily), forced exercise (as below protocol) and diazepam (0.4 mg/kg, ip, once daily) in combination with forced exercise (as below protocol) for 2 weeks. All doses mentioned about alcohol and diazepam were chosen based on previous studies.\[[@ref18][@ref19]\]

Evaluation of Alcohol withdrawal syndrome: In day 22, the rats were observed for 4 min at the 24 h of the ethanol-withdrawal period. All of the subjects groups were observed, and their 5 behaviors (Stereotyped behaviors, Agitation, Tail stiffness, abnormal posture, and abnormal gait) were recorded by camera. After computation of recorded data, behaviors were counted and analyzed, and a digit allocated to each one \[[Table 1](#T1){ref-type="table"}\]. The summation of these digits gives Alcohol Total Withdrawal Score (ATWS).\[[@ref20][@ref21][@ref22]\]

###### 

Rating scale for some behaviors signs induced by ethanol withdrawal in rats
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### Treadmill forced exercise protocol {#sec3-2}

Rats were allowed to run on a motor-driven leveled treadmill (ModelT408E, Diagnostic and Research Instruments Co., Taoyuan, Tai). The animal of groups of 4 and 5 was trained by treadmill for 45 min/day, for 5 days/week. The training speed was 12 miles/min (for 1^st^ week) and reached14 miles/min (in the second week) by the end of the experiments. The slope and Intensity of exercise were settled as 0° at the first 10 min, 5° for second 10 min and 15° for last 25 min.\[[@ref23][@ref24][@ref25]\]

### Measuring the blood cortisol {#sec3-3}

On the 22^nd^ day after, the behavioral signs been recording whole blood of animals were collected, and their serum was separated and the fasting serum level of cortisol was measured based on μg/dL and by ELISA method.

### Experimental design for nociception protocols {#sec3-4}

32animals were divided randomly into 4 groups:

Group I, as negative control received normal saline (0.2 ml/rat *ip*, once daily) for 21 daysGroup II, as positive control received alcohol (2 g/kg/day by gavage, once daily) for 21 days and single dose of indometacin (5 mg/kg, ip) in test dayGroup III, dependent group received alcohol (2 g/kg/day by gavage, once daily) for 21 daysGroups IV were treated by alcohol (2 g/kg/day by gavage, once daily) and forced exercise (as mentioned protocol) for 21 days. All doses mentioned about alcohol and indometacin were chosen based on previous studies.\[[@ref18][@ref26]\]

This treatment in 1^st^ day two types of nociception test tail-flick and hot plate test was assessed and after this treatment in 22 days of treatment, three types of nociception method were applied for evaluation of pain.

### 2-1: Writhing test {#sec3-5}

In 22 days of treatment, all mentioned animal acetic acid (0.8%) was administrated in a volume of 10 ml/kg in rat. Nociceptive behavior is characterized by abdominal contraction known as writhing, described as an exaggerated extension of the abdomen combined with the out stretching of hind limbs. Total number of writhing following i.p. administration of acetic acid was recorded in 30 min after acetic acid injection. Percentage of inhibition of abdominal constrictions in each group was computed by following ratio: Treated mean-control mean × 100/control mean. This meted of nociception assessment was done as base of previous studies. In additions, the onset of the first writhing was recorded as latency time.\[[@ref27]\]

### 2-2: Tail-flick test {#sec3-6}

Before the start of treatment, this test was done in all mentioned animal. In this test, radiant heat (Tail-Flick Apparatus Model P-162, Pouyaye Armaghan Co., Iran) was applied for measurement of acute nociception responses in rat. Intensity of the thermal stimulus was adjusted to produce 5-6 s latency in tail-flick response. Five millimeters of the tail was submitted to noxious heating. To avoid damage to the tail, if the response did not occur, trial was automatically terminated at 12 s (cutoff time). The tail-flick test was measured in 1^st^ day and last day of mentioned treatment as exercise (for 21 days), single dose of indometacin (5 mg/kg, ip) and saline (0.2 ml/rat). The percentage of nociception for each animal was calculated, using the following ratio: (\[Posttreatment--pretreatment\]/\[pretreatment\]) ×100. This method of nociception assessment was done as base of previous studies.\[[@ref28]\]

### 2-3: Hot plate test {#sec3-7}

In this test, analgesic activity was measured with a thermostatically heated surface maintained at 55 ± 2C. Time of reaction was revealed as the time period from the instant animal was put on the hot plate until the moment the animal licked its feet or jumped out. The hot plate test was done twice in 1^st^ day and last day of mentioned treatment as exercise (for 21 days), single dose of indometacin (5 mg/kg, ip) saline (0.2 ml/rat), the reaction time was again evaluated, but only once, this value represented the reaction time after treatment. The percentage of nociception was measured by following ratio: (Reaction time after treatment - reaction time before treatment) ×100/reaction time after treatment.\[[@ref29]\]

Statistical analysis {#sec2-2}
--------------------

Normality of continuous variables (ATWS, blood cortisol and pain perception) was assessed using Kolmogorov--Smirnov test. Based on this test, all variables were normally distributed. We also used Leven\'s test and Bartlett\'s test to assess homogeneity of variances between two and more than two groups, respectively. The results showed that variances are homogenous between tested groups. As parametric assumptions were met, we described continuous data as means ± standard error of the mean, compared the differences between positive and negative control groups by unpaired Student\'s *t*-test, and the differences between treatment groups by one-way ANOVA. Bonferroni\'s test was then used for group-by-group comparisons. Results were considered to be significant at 0.05 levels.

RESULTS {#sec1-3}
=======

3-1: Alcohol total withdrawal score results in control and treatment groups {#sec2-3}
---------------------------------------------------------------------------

Our data indicate that ATWS in negative control group that received saline during protocol process was 14 ± 2 while ATWS in positive control group (dependent group) increased significantly by 53% (*P* \< 0.05) in comparison with negative control and was 30 ± 1.6 \[[Figure 1](#F1){ref-type="fig"}\].

![Comparison of severity of the alcohol withdrawal syndrome between the animal of the negative control group and positive control group. \*Shows the significant difference (*P*\<0.05) in comparison with the negative control. ATWS: Alcohol total withdrawal score](IJPVM-5-1299-g002){#F1}

In different protocol and administration of diazepam caused, 33% of significantly decrease in ATWS 20 ± 2 (*P* \< 0.05) in comparison with positive control group \[[Figure 2](#F2){ref-type="fig"}\]. Also treatment of animal by treadmill forced exercise caused 26% decrease ATWS 22 ± 1.3 in comparison with positive control group and in the last treatment group, combination therapy with diazepam and treadmill forced exercise caused 46% decreasing in ATWS and reached 16 ± 2 (*P* \< 0.05) \[[Figure 2](#F2){ref-type="fig"}\].

![The severity of the alcohol withdrawal syndrome in the dependent animal of groups of under treatment by Diazepam, under treatment by forced exercise, and under treatment by combination of Diazepam and forced exercise, in comparison with the positive control group. \*\*\*Shows the significant difference (*P*\<0.001) and \*shows the significant difference (*P*\<0.05) in comparison with group under treatment by Diazepam, forced exercise, and their combinations. ATWS: Alcohol total withdrawal score](IJPVM-5-1299-g003){#F2}

3-2: Blood cortisol level in control and treatment groups {#sec2-4}
---------------------------------------------------------

Blood cortisol level in the negative control group was 7.2 ± 1.3 μg/dL after withdrawal syndrome period, while in the positive control group was significantly higher, and was reached 16 ± 2.1 μg/dL (*P* \< 0.05) \[[Figure 3](#F3){ref-type="fig"}\].

![Comparison of blood cortisol levels between the animal of the negative control group and positive control group. \*Shows the significant difference (*P*\<0.05) in comparison with the negative control](IJPVM-5-1299-g004){#F3}

Administration of diazepam significantly decreased cortisol level (from 16 ± 2.1 to 6.8 ± 1.3 μg/dL (*P* \< 0.05), that is, 57%). Treatment of animals by forced exercise caused significantly attenuation of cortisol level (i.e. 50%) in comparison with positive control group and reached to 7.9 ± 1.2 μg/dL. Combination therapy of dependent animal by of diazepam and forced exercise caused 63% decrease in cortisol level and reached to 5.8 ± 1.1 μg/dL (*P* \< 0.05) \[[Figure 4](#F4){ref-type="fig"}\].

![Comparison of blood cortisol levels in dependent animal of groups of under treatment by Diazepam, under treatment by forced exercise, and under treatment by combination of Diazepam and forced exercise, in comparison with the positive control group. \*\*\*shows the significant difference (*P*\<0.001)](IJPVM-5-1299-g005){#F4}

Effect of exercise and alcohol dependency in writhing test {#sec2-5}
----------------------------------------------------------

Administration of alcohol in dependent group induced significant alter in pain response when compared to negative control group (*P* \< 0.05). Forced exercise inhibited the increase of pain perception which induced by alcohol dependency (*P* \< 0.05). As well as indometacine significantly decrease the number of writhing as a reference drug (*P* \< 0.05) \[[Table 2](#T2){ref-type="table"}\].

###### 

Effect of forced exercise in acetic acid-induced writhing test in alcohol dependent rat
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Effect of exercise and alcohol dependency tail-flick test {#sec2-6}
---------------------------------------------------------

[Table 3](#T3){ref-type="table"} indicates the effect of alcohol dependency on tail-flick test response in rat. Alcohol dependency significantly decreased the tail-flick test time compared to the control (*P* \< 0.05). Forced exercise by treadmill significantly increased the tail-flick test time in alcohol dependent rat. Furthermore, indometacin (10 mg/kg) significantly increased the tail-flick test time (*P* \< 0.05) \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of forced exercise in tail flick test in alcohol dependent rat
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Effect of exercise and alcohol dependency on hot plate test {#sec2-7}
-----------------------------------------------------------

[Table 3](#T3){ref-type="table"} indicates the effect of alcohol dependency on hot plate test response in rats. Alcohol dependency significantly decreased the hot plate test compared to the control (*P* \< 0.05). Forced exercise by treadmill significantly increased the hot plate test time in alcohol dependent rat. Furthermore, Indometacin (10 mg/kg) significantly increased the hot plate test (*P* \< 0.05) \[[Table 4](#T4){ref-type="table"}\].

###### 

Effect of forced exercise in hot plate test in alcohol dependent rat
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DISCUSSION {#sec1-4}
==========

Alcohol use disorders are a major public health concern. Despite the demonstrated efficacy of a number of different treatments for alcohol dependency, its withdrawal syndrome remains a major problem.\[[@ref1]\] Healthy lifestyle changes and nonpharmacotherapy may contribute to long-term maintenance of recovery, and interventions targeting physical activity, in particular, may be especially valuable as an adjunct to alcohol treatment.\[[@ref14]\] The role of exercise as an adjunct to alcohol treatment has been explored on participants receiving inpatient alcohol rehabilitation treatment.\[[@ref14][@ref30][@ref31]\] Many previous studies were done in the field of treatment of alcohol dependency and management of withdrawal syndrome, all of this experimental study had been conducted by groups of sedative and hypnotic medications such as diazepam, chlordiazepoxide, and topiramate.\[[@ref31][@ref32]\] This study showed that forced exercise with treadmill and its combination with diazepam, as standard treatment of alcohol dependency, can be effective in alcohol withdrawal syndrome management. Our date showed that dependent groups under treatment by forced exercise with treadmill or dependent group under treatment by diazepam (0.5 mg/kg) alone showed significant decrease in alcohol abandonment sign and its severity (*P* \< 0.05). Also dependent group under treatment by exercise in combination with diazepam significantly attenuate the withdrawal signs in comparison with positive control (dependent without treatment) (*P* \< 0.001). Our results show that physical activity by treadmill can ameliorate severity of withdrawal symptom. Recent studies showed that exercise can abolish these symptoms by attenuating of pain perception, depression, and reducing anxiety probably by increasing release of the opioid like peptides such as endorphin.\[[@ref33][@ref34][@ref35][@ref36][@ref37]\] These results can arguable with this concept that exercise plays an important role in the prevention and treatment of alcoholic addictive disorders. Furthermore, we can argue these findings by describing the possible mechanism of exercise on reducing the rewarding effects of drugs such as cocaine and morphine since recent study has demonstrated that exercise leads to an increase in the synthesis and release of some neurotransmitter such as dopamine, serotonin, and GABA.\[[@ref37][@ref38]\] On the other hand, exercise has been shown to result in acute improvements in positive-activated affect and alleviate mood disturbance and withdrawal symptoms in patient attempting to quit Alcohol.\[[@ref30]\] These positive reinforcing properties may be mediated in part by exercise effects on the endogenous opioid system and potentiating of dopaminergic systems linked importantly to the experience of enhanced mood and experienced pleasure.\[[@ref39][@ref40]\] Furthermore, our previous study demonstrated that exercise can be effective in alleviation of morphine dependency and cortisol level of withdrawal syndrome periods.

The present study indicates that the chronic abuse of alcohol and its abstinence syndrome can increase the activity of the CRF-secreting cells and activates adrenal cortex.\[[@ref7][@ref9]\] Alcohol dependency increases the stress parameter and hypothalamic-pituitary-adrenal axis activity, by changes in gene expression of CRF in selective neurons of the para-ventricular nucleus.\[[@ref9][@ref41][@ref42]\] The result of our experimental study indicate that alcohol doses in the dependent positive control group caused a significant increase in blood cortisol level in comparison with the independent negative control group during the withdrawal syndrome a cessation period (*P* \< 0.05). We can argue this result with the basic concept that the alcohol abandonment cause increase in the level of stress in rats and consequently raising the cortisol secretion in the withdrawal period in rats.

On the other hand, by applying the treatment protocols with diazepam, exercise, and exercise in combination with diazepam, a significant reduction in the blood cortisol level was reached; in comparison with the dependent positive control group was statistically significant (*P* \< 0.05). Generally our study results showed that treatment protocols decreased stress level in animal in the withdrawal syndrome period and consequently cortisol level. We conclude our results that there is significant difference in withdrawal syndrome, cortisol, levels between positive control group and the group treated by diazepam, exercise and diazepam in combination with exercise.

The consequences of the current study indicated that indometacin as typical antiinflammatory and pain killer drug reduce the acetic acid induced writing test) abdominal pain constriction (and increase the latency time of abdominal pain expression in comparison with control group. This study also confirmed that alcohol dependency alter the acetic acid induced writing test) abdominal pain constriction (and increase the latency time of abdominal pain expression in comparison with control group. We can discuss our study results with basic concept that neuroanatomical regions involved in pain transmission have been shown to play an important role in the development of alcohol dependence and addiction.\[[@ref12]\] Our study showed that forced exercise ameliorated the acetic acid induced abdominal constriction in alcohol dependent group and increase the latency time of abdominal pain expression in comparison with control and alcohol dependent group.

The inhibitory action of exercise on pain perception of the dorsal horn may be mediated by activation of opioid-like peptide and releasing of dopamine and serotonin.\[[@ref43]\] Previous study demonstrated that the exercise can change the pain signaling and alter and attenuate the inflammation induced pain in digestive systems.\[[@ref44]\]

Present study indicated that the indometacin as standard antiinflammatory and pain killer drug increase the percent of pain inhibition in comparison with the control group in a hot plate and tail-flick test. Furthermore, our study demonstrated that alcohol dependency increase the percent of pain perception in comparison with the control group in a hot plate and tail-flick test. The probability that alcohol addiction and pain conduction share overlapping neural substrates suggests that alcohol abuse would alter the pharmacology and neurochemistry of pain perception.\[[@ref12]\] Our study indicated that forced exercise increase the percent of pain inhibition in comparison with the control group in a hot plate and tail-flick test. Previous study demonstrated that the forced exercise has a neuroprotective effect, and is used for treatment of some neurodegenerative and central nervous system disease such as depression, neuropathic pain and neuroinflammation.\[[@ref45]\] We can argue our data results with the basic concept that forced exercise can modulate opoidergic system and alter the pain perception level.

CONCLUSIONS {#sec1-5}
===========

Our study showed that the forced exercise can be an effective adjunct therapy to reduce symptoms of alcohol withdrawal syndrome. Our study demonstrated that alcohol dependency can reduce pain perception threshold and forced exercise will assist this kind of pain perception alterations alcoholic.
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